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Major adverse cardiac event
A B S T R A C T
Background: The CHA2DS2VASc score has been used to evaluate the risk of thromboembolic events in
atrial ﬁbrillation. However, because all the components of CHA2DS2VASc are important cardiovascular
risk factors, we decided to evaluate the effectiveness of CHA2DS2VASc score as a long-term predictor for
prognosis in acute myocardial infarction (AMI) patients.
Methods: We enrolled 15,681 AMI patients for the Korean Working Group in Acute Myocardial Infarction
(KORMI) consecutively and analyzed retrospectively. We divided the all the patients into four groups
according to CHADS2VASc score (Group I: 0–1, n = 3317; Group II: 2–3, n = 6794; Group III: 4–5,
n = 4457; Group IV: 6–9, n = 1113). The cardiac event was deﬁned as the sum of all-cause mortality and
recurrence of myocardial infarction.
Results: As the risk score increased, the incidence of cardiac events was higher at 1, 6, 12, and 24 months.
The cardiac event-free survival rate was lower as the risk score increased (Group I vs Group II, p < 0.001;
Group II vs Group III, p < 0.001; Group III vs Group IV, p = 0.037). After adjusting confounding variables,
the Cox-regression multivariate analysis showed that the CHA2DS2VASc score was an independent
predictor for the long-term prognosis in total AMI patients (p < 0.001, hazard ratio = 1.414 per scale).
Conclusion: The AMI patients with higher CHA2DS2VASc score had worse cardiovascular outcome.
Therefore, CHADS2VASc score can be used to stratify AMI patients according to long-term prognosis
irrespective of presence of atrial ﬁbrillation.
 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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As the incidence of acute myocardial infarction (AMI)
increased and the survival rate from acute coronary events
improved, the risk-stratiﬁcation system for long-term prognosis
after acute myocardial infarction became important. There are
several risk-stratiﬁcation systems that were developed in
different study populations and included different contributing
factors.* Corresponding author at: Division of Cardiology, Department of Internal
Medicine, Gwangju Veterans Hospital, Sanwoldong 887-1, Gwangsangu, Gwangju
506-705, Republic of Korea. Tel.: +82 62 602 6100; fax: +82 62 602 6931.
E-mail address: omoegao@hanmail.net (S.H. Hwang).
http://dx.doi.org/10.1016/j.jjcc.2014.04.011
0914-5087/ 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rightsThe thrombolysis in myocardial infarction (TIMI) risk score,
based on results from ST-segment elevation myocardial infarction
(STEMI) patients eligible for thrombolytic therapy, suggested that
30-day mortality had a positive relationship with the risk score [1].
The Global Registry of Acute Coronary Events (GRACE) risk score
including eight contributing factors predicted in-hospital and 6-
month mortality independently among all the patients with an
acute coronary syndrome [2,3]. A recent study reported that
CHADS2 score, which was developed as a well-validated tool for
predicting risk of stroke in atrial ﬁbrillation patients, has strong
association with an all-cause mortality at 10 years in acute
coronary syndrome patients [4].
The CHA2DS2VASc score, a reﬁnement form of CHADS2 score,
was developed as a risk-stratiﬁcation tool for thromboembolic
events in patients with non-valvular atrial ﬁbrillation [5]. reserved.
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value of CHA2DS2VASc score in AMI. Therefore, we evaluated the
effectiveness of CHA2DS2VASc score as a risk-stratiﬁcation tool for
long-term clinical outcome in AMI patients.
Methods
Study population
This study enrolled 15,681 patients diagnosed as having AMI
consecutively from August 2008 to December 2011 and analyzed
the data retrospectively. These data are derived from the Korean
Working Group in Acute Myocardial Infarction (KORMI) registry,
which is a multi-centered and ongoing observational study
designed to collect and evaluate demographic, clinical, treatment,
and outcome data of patients with ACI. Because the KORMI is an
anonymous observational study, no informed consent of the
participating patients is required for the institutional boards at any
of the participating institutions.
Among the total enrolled patients, 8970 were diagnosed as
having ST-segment elevation myocardial infarction (STEMI) and
6711 patients were diagnosed as having non-ST-segment elevation
myocardial infarction (NSTEMI). The diagnostic criteria for AMI
were deﬁned as typical rise and fall of cardiac biomarker values
and at least one of the following: (1) symptoms of ischemia; (2)
development of pathologic Q wave in the electrocardiogram; (3)
new signiﬁcant ST segment or T wave change or new-onset left
bundle branch block; (4) identiﬁcation of intracoronary lesion by
angiography [6].
Unlike TIMI risk score or GRACE risk model which were
developed using populations treated by thrombolysis, our study
included all the patients with AMI irrespective of the method ofTable 1
Comparison of baseline characteristics among the four groups according to CHA2DS2
CHA2DS2VASc 4–5, Group IV: CHA2DS2VASc 6–9).
Low-risk Moderate-ris
Group I Group II 
n = 3317 n = 6794 
Age 50.5  8.2 61.5  11.3
Sex (male%) 3317 (100%) 5689 (83.7%)
SBP 127.2  26.6 128.5  29.2
DBP 80.5  29.4 79.2  26.7
LVEF 53.8  10.8 52.9  11.9
Max CK-MB 140  278 123  229 
Max troponin-I 42  95 41  93 
Total cholesterol (mg/dL) 193  42 180  45 
Triglyceride (mg/dL) 147  111 133  108 
HDL cholesterol (mg/dL) 43  13 43  15 
LDL cholesterol (mg/dL) 124  37 114  41 
Creatinine (mg/dL) 1.0  1.4 1.1  2.0 
Hs CRP 4.2  15.9 5.4  19.9
NT pro-BNP 637  1800 1755  4619 
Glycated hemoglobin (%) 6.1  2.6 6.6  2.0 
Previous IHD 290 (8.8%) 1020 (15.1%)
Hypertension 0 (0.0%) 3584 (52.2%)
Diabetes mellitus 0 (0.0%) 1728 (25.4%)
Dyslipidemia 351 (11.0%) 920 (14.2%) 
Old CVA 0 (0.0%) 54 (0.8%) 
Atrial ﬁbrillation 76 (2.3%) 223 (3.3%) 
Smoking 2805 (85.4%) 4454 (66.3%)
Aspirin 3240 (98.1%) 6641 (98.5%)
Clopidogrel 3175 (96.4%) 6500 (96.6%)
Beta blocker 2705 (83.6%) 5315 (80.6%)
ACE inhibitor 2129 (66.4%) 4213 (64.6%)
Angiotensin receptor blocker 623 (20.2%) 1537 (24.1%)
Statin 2593 (80.0%) 5113 (76.9%)
SBP, systolic blood pressure; DBP, diastolic blood pressure; LVEF, left ventricular ejecti
density lipoprotein; hs-CRP, high sensitivity C-reactive protein; NT pro-BNP, N-te
cerebrovascular accident; ACE inhibitor, angiotensin-converting enzyme inhibitor.treatment. Among STEMI patients, 8055 (89.8%) underwent
primary percutaneous coronary intervention (PCI), 323 patients
(3.6%) were treated for thrombolysis, and 592 patients (6.6%) were
treated by conservative treatment. Among NSTEMI patients, 4973
(74.1%) were treated by early invasive therapy and 1738 patients
were treated by early conservative strategy. We excluded the
patients diagnosed as having unstable angina or stable angina
pectoris.
The number of patients with atrial ﬁbrillation in AMI was 639
(3.9%) and this percentage is lower than the value suggested by
previous other studies [7].
Study protocol
We used CHA2DS2VASc score as a parameter to predict the long-
term outcome after AMI. CHA2DS2VASc score is a reﬁnement from
CHADS2 score which was developed to predict the possibility of
stroke and guide antithrombotic therapy. The components of
CHADS2 score are as follows: congestive heart failure, hyperten-
sion, age >75 years, diabetes mellitus, and history of stroke (2
points). CHA2DS2VASc score has several additional components:
age >65 years (1 point), age >75 years (2 points), history of
vascular disease, sex (female; 1 point). The history of myocardial
infarction was regarded as ‘‘vascular disease’’ and AMI was
counted as 1 point.
We divided all the enrolled patients into four groups according
to CHA2DS2VASc score: low-risk group (Group I: 0–1 point);
moderate-risk group (Group II: 2–3 points); high-risk group
(Group III: 4–5 points); and very high-risk group (Group IV: 6–9
points). We compared the in-hospital mortality and incidence of
cardiac event at 1, 6, 12, and 24 months and cumulative cardiac
event-free survival among the four groups irrespective of presenceVASc score (Group I: CHA2DS2VASc 0–1, Group II: CHA2DS2VASc 2–3, Group III:
k High-risk Very-high risk p-value
Group III Group IV
n = 4457 n = 1113
 73.8  9.3 77.6  7.5 <0.001
 1828 (41.0%) 288 (25.9%) <0.001
 127.8  31.0 129.3  32.7 0.092
 76.1  17.6 76.6  18.4 <0.001
 50.8  12.8 49.2  13.7 <0.001
99  209 78  145 <0.001
38  148 31  128 0.032
176  48 173  47 <0.001
115  84 114  66 <0.001
43  16 43  15 0.065
110  41 106  41 <0.001
1.3  2.2 1.4  1.4 <0.001
 7.9  25.1 10.8  32.5 <0.001
4689  8221 7586  10,309 <0.001
6.8  2.0 7.0  1.4 <0.001
 865 (19.5%) 260 (23.4%) <0.001
 3512 (78.8%) 1054 (94.7%) <0.001
 1870 (42.0%) 790 (71.0%) <0.001
526 (12.5%) 155 (15.1%) <0.001
453 (10.2%) 587 (52.7%) <0.001
251 (5.6%) 73 (6.6%) <0.001
 1472 (33.6%) 266 (24.3%) <0.001
 4315 (97.7%) 1068 (96.7%) <0.001
 4210 (95.7%) 1045 (94.6%) 0.002
 3377 (78.2%) 831 (76.7%) <0.001
 2579 (60.5%) 610 (57.2%) <0.001
 1185 (28.2%) 336 (31.4%) <0.001
 3124 (72.2%) 777 (71.5%) <0.001
on fraction; CK-MB, creatine kinase-MB; HDL, high-density lipoprotein; LDL, low-
rminal pro-brain type natriuretic peptide; IHD, ischemic heart disease; CVA,
Table 2
Comparison of in-hospital mortality and incidence of all-cause death and recurrence of myocardial infarction among the four groups divided by CHA2DS2VASc score (Group I:
CHA2DS2VASc 0–1, Group II: CHA2DS2VASc 2–3, Group III: CHA2DS2VASc 4–5, Group IV: CHA2DS2VASc 6–9).
Low-risk Moderate-risk High-risk Very-high risk p-value
Group I Group II Group III Group IV
n = 3317 n = 6794 n = 4457 n = 1113
In-hospital mortality 176/3312 (5.3) 364/6785 (5.4%) 220/4454 (4.9%) 55/1110 (5.0%) 0.751
Cardiac event at 1 month 24/2683 (0.9%) 72/5513 (1.3%) 68/3521 (1.9%) 19/841 (2.3%) 0.001
Cardiac event at 6 months 30/1707 (1.8%) 103/3614 (2.9%) 116/2336 (5.0%) 39/541 (7.2%) <0.001
Cardiac event at 12 months 36/1227 (2.9%) 128/2616 (4.9%) 155/1780 (8.7%) 48/419 (11.5%) <0.001
Cardiac event at 24 months 42/544 (6.9%) 147/1233 (11.9%) 175/933 (18.8%) 59/228 (25.9%) <0.001
K.H. Kim et al. / Journal of Cardiology 65 (2015) 121–127 123or absence of atrial ﬁbrillation. The primary end point is deﬁned as
composite of recurrence of myocardial infarction and all-cause
mortality and we evaluated the predictive value of CHA2DS2VASc
score for long-term clinical outcome. Additionally, we performed
subgroup analysis and evaluated the prognostic role of CHA2DS2-
VASc score in STEMI and NSTEMI patients, respectively. Addition-
ally, the detailed cardiovascular outcomes such as cardiac death,
recurrence of myocardial infarction, non-cardiac death, and
repetition of PCI were compared among the four groups. The
mean follow-up duration was 9.4 months.
Statistical analysis
The baseline epidemiologic and clinical characteristics were
compared. The categorical baseline variables are presented as
counts and percentages and continuous variables are expressed as
average value  standard deviation. Differences of baseline character-
istics among the four groups according to CHA2DS2VASc score were
evaluated by student t-test for continuous variables and the Pearson
chi-square test for categorical variables. The in-hospital mortality and
incidence of cardiac events at 1, 6, 12, and 24 months are compared by
Pearson chi-square test. The cumulative cardiac event-free survivals
were compared among the four groups by Kaplan–Meier method in
total AMI patients and STEMI and NSTEMI patients respectively and
compared by log-rank method. In addition, to evaluate the predicative
value of CHA2DS2VASc score for long-term clinical outcome, we used
multivariate Cox-regression analysis. The co-variants for these
analyses were systolic blood pressure on presentation over 90 mmHg,
Killip class over II, left ventricular ejection fraction over 50%, pre-TIMI
ﬂow over I, and the use of beta-blocker, renin–angiotensin–aldosteroneFig. 1. Comparison of cumulative incidence of MACE according to CHA2DS2VASc risk gro
cardiac event; HR, hazard ratio; SBP, systolic blood pressure; TIMI, thrombolysis in myoc
aldosterone system.system (RAAS) blocker, and aspirin. Hazard ratios and 95% conﬁdence
intervals (CI) were calculated and all the tests were two-tailed: p-value
<0.05 was considered signiﬁcant. All the analyses were performed
using SPSS Version 18 (IBM, Chicago, IL, USA).
Results
Baseline characteristics
Several baseline characteristics which are components of
CHA2DS2VASc score were different necessarily among the four
groups. The patients in higher risk groups are older and the
percentage of females was higher as the risk score increased. The
prevalence of diabetes mellitus and hypertension and history of
cerebrovascular accident increased as the CHA2DS2VASc risk score
increased (Table 1).
Although the systolic blood pressure was not different among
the four groups, diastolic blood pressure was lower in higher risk
groups. As the risk score increased, left ventricular ejection fraction
was lower and the blood level of N-terminal pro-brain type
natriuretic peptide (NT pro-BNP) was higher. The laboratory values
such as cardiac enzymes, total cholesterol, low-density lipoprotein,
and triglyceride were different signiﬁcantly. As the CHA2DS2VASc
score increased, the level of creatinine, high-sensitivity C-reactive
protein (hs-CRP), and glycosylated hemoglobin (HbA1c) increased
(Table 1).
The prevalence of ischemic heart disease, dyslipidemia, and
atrial ﬁbrillation was higher in higher risk groups than in lower risk
groups and the frequency of use of medications was signiﬁcantly
different according to CHA2DS2VASc risk group. The percentage ofup (A) and Cox-regression multivariate analysis for MACE (B). MACE, major adverse
ardial infarction; LVEF, left ventricular ejection fraction; RAAS, renin–angiotensin–
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(Table 1).
Clinical outcome
Although the in-hospital mortality was not different among the
four groups (p = 0.751), the incidence of long-term cardiac events
increased as the CHA2DS2VASc risk score increased (p < 0.001)
(Table 2). Cardiac events were deﬁned as composite of all-cause
death and recurrence of myocardial infarction and evaluated at 1, 6,
12, and 24 months after AMI. The cumulative cardiac event-free
survival was higher in lower risk score groups than in higher risk
score groups (Group I vs Group II: p < 0.001, Group II vs Group III:
p < 0.001, Group III vs Group IV: p = 0.013) (Fig. 1A) and the
prognostic value of CHA2DS2VASc score for clinical outcome was
statistically signiﬁcant (hazard ratio per unit increase in the four-
grade risk groups = 1.384, p < 0.001) (Fig. 1B). In the Cox-regression
analysis, we adjusted several co-variants such as systolic bloodFig. 2. Comparison of detailed cardiac event according to CHA2DS2VASc risk group. Car
repetition of percutaneous coronary intervention (D).pressure, Killip class, left ventricular ejection fraction, chronic
kidney disease, and use of aspirin, beta-blocker, and angiotensin-
converting enzyme inhibitor. These variables are well-known
predictors of long-term clinical outcome after AMI. In our study,
presence of chronic kidney disease, systolic blood pressure, Killip
classiﬁcation over grade II, left ventricular ejection fraction over 50%,
and use of aspirin and RAAS blocker were independent predictors for
cumulative incidence of cardiac events during 2 years.
The detailed cardiovascular outcomes were analyzed by survival
analyses. The cumulative incidence of cardiac death increased as the
risk score increased (Group I vs Group II: p = 0.024, Group II vs Group
III: p = 0.003, Group III vs Group IV: p = 0.005) (Fig. 2A). However, the
recurrence rate of myocardial infarction and non-cardiac death rate
did not show deﬁnite positive correlation with CHA2DS2VASc (Fig. 2B
and C). The frequency of repetition of PCI which was excluded in the
primary end point showed a deﬁnite positive relationship with
CHA2DS2VASc (Group I vs Group II: p < 0.001, Group II vs Group III:
p < 0.001, Group III vs Group IV: p = 0.006) (Fig. 2D).diac death (A), recurrence of myocardial infarction (B), non-cardiac death (C), and
Fig. 3. Comparison of cumulative incidence of MACE according to CHA2DS2VASc risk group (A) and Cox-regression multivariate analysis for MACE (B) in STEMI patients.
MACE, major adverse cardiac event; STEMI, ST-segment elevation myocardial infarction; HR, hazard ratio; SBP, systolic blood pressure; TIMI, thrombolysis in myocardial
infarction; LVEF, left ventricular ejection fraction; RAAS, renin–angiotensin–aldosterone system.
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NSTEMI patients, respectively. The cumulative cardiac event-free
survival rate was lower as the risk score increased (Group I vs
Group II: p = 0.017, Group II vs Group III: p < 0.001, Group III vs
Group IV: p = 0.040) (Fig. 3A) and the predictive value of
CHA2DS2VASc score was statistically signiﬁcant (HR per unit
increase in the four-grade risk groups = 1.455, p = 0.001) (Fig. 3B).
Although the difference between Group III and Group IV was not
deﬁnite in NSTEMI patients, the difference in cardiac event-free
survival rate was similar in STEMI patients (Group I vs Group II:
p = 0.064, Group II vs Group III: p < 0.001, Group III vs Group IV:
p = 0.154) (Fig. 4A). The predictive value of CHA2DS2VASc score
was also statistically signiﬁcant in NSTEMI patients (HR per unit
increase in the four-grade risk groups = 1.298, p = 0.048) (Fig. 4B).
Discussion
From these results, we can conclude that CHA2DS2VASc score
on admission is an effective tool to predict long-term cardiovas-
cular outcome after AMI, and CHA2DS2VASc score can be used as aFig. 4. Comparison of cumulative incidence of MACE according to CHA2DS2VASc risk gr
MACE, major adverse cardiac event; NSTEMI, non-ST-segment elevation myocardial 
myocardial infarction; LVEF, left ventricular ejection fraction; RAAS, renin–angiotensinrisk-stratiﬁcation system in AMI irrespective of presence of atrial
ﬁbrillation and type of treatment strategy.
The CHA2DS2VASc score was developed to improve risk
stratiﬁcation in atrial ﬁbrillation patients with low CHADS2 score
(0–1) and the age of 65–74 years, female sex and vascular disease
are additional components to CHADS2 score. All the components of
CHA2DS2VASc are important risk and prognostic factors for
cardiovascular disease. Avezum et al. [8] suggested that hospital
mortality adjusted for confounding variables was higher in older
age groups. A study reported that hypertension, diabetes mellitus,
and congestive heart failure are long-term prognostic predictors
after AMI [9]. Malmberg et al. [10] reported that diabetes mellitus
was an independent predictor for all-cause mortality, as well as
cardiovascular death, recurrent myocardial infarction, stroke, and
congestive heart failure in unstable angina or non-Q-wave
myocardial infarction patients.
Although not signiﬁcant in multivariate analysis, a recent report
suggested that women had a higher primary composite of death
and heart failure than men after AMI [11]. Therefore, all the
components of CHA2DS2VASc score have a close association with
clinical outcome in AMI patients.oup (A) and Cox-regression multivariate analysis for MACE (B) in NSTEMI patients.
infarction; HR, hazard ratio; SBP, systolic blood pressure; TIMI, thrombolysis in
–aldosterone system.
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risk stratiﬁcation in AMI patients and recommended as a guideline
by multiple organizations, this risk score is difﬁcult to calculate
and needs a computerized system. In contrast to the complexity of
the GRACE risk model, the CHADS2 score is a comprehensive, fast,
and simple method in risk stratiﬁcation [4]. Because the
predictability of CHA2DS2VASc score is more powerful than
CHADS2 score, it is reasonable to use CHA2DS2VASc score to
predict the long-term clinical outcome of AMI more accurately and
easily.
Among baseline characteristics, the levels of NT pro-BNP and
hs-CRP have close linear relationships with CHA2DS2VASc risk
score. The elevated level of NT pro-BNP is known to be associated
with increased mortality and has predictive value in STEMI and
NSTEMI patients [12–17]. In particular, Khan et al. [18] suggested
that NT pro-BNP was better than TIMI risk score in predicting
mortality after AMI and Ang et al. [19] reported that BNP can
predict cardiovascular events over the GRACE risk score in acute
coronary syndrome patients. Additionally, some studies have
shown that the level of hs-CRP predicts the risk of in-hospital or
long-term mortality after myocardial infarction [20,21]. On the
basis of these ﬁndings, we can verify indirectly that CHA2DS2VASc
score is a powerful predictor for cardiovascular events in AMI
patients.
As the scale of risk group increased, the average hazard
ratio was 1.384 in total AMI patients. This hazard ratio was
signiﬁcant in STEMI patients (HR = 1.455, p < 0.001) and NSTEMI
patients (HR = 1.298, p = 0.048). The CHA2DS2VASc score is a
more important predictor in STEMI patients than in NSTEMI
patients.
Our study included all the AMI patients irrespective of
treatment method. TIMI risk score and GRACE risk score were
validated from studies that enrolled populations treated with
thrombolytic therapy. On the other hand, the Zwolle primary PCI
index and the CADILLAC risk score have been developed and
validated for STEMI patients undergoing primary PCI [22,23].
These risk models include the angiographic ﬁndings such as TIMI
ﬂow and presence of three-vessel disease. Contrary to risk models
described above, our study included all the STEMI patients and
NSTEMI patients irrespective of treatment strategy and showed a
close relationship between CHA2DS2VASc score and long-term
cardiovascular outcome.
There are several limitations to this study. Although
many patients were enrolled, it is a retrospective study. It is
necessary to perform a prospective cohort study to evaluate
the prognostic role of CHA2DS2VASc more accurately. The
second limitation of our study is that many baseline character-
istics are different among the four risk groups. Despite using
multivariate analysis to overcome this shortcoming, we are not
sure whether all the variables that can affect the clinical
outcome are adjusted completely. However, important variables,
which are known as contributors to cardiovascular outcome in
myocardial infarction such as blood pressure, chronic kidney
disease, Killip class, TIMI ﬂow, left ventricular ejection fraction,
and use of aspirin, beta-blocker and RAAS blocker, were adjusted
appropriately.
Despite these limitations, our study showed that CHA2DS2-
VASc score is an independent predictor for long-term
prognosis in AMI patients and can be used as a risk-stratiﬁcation
system. This ﬁnding was applicable to all the AMI patients
irrespective of type of AMI, type of treatment strategy,
and presence of atrial ﬁbrillation. Because CHA2DS2VASc risk
score is easy to use and provides important information about
prognosis, we can identify patients with a higher risk of
subsequent cardiovascular events with this risk-stratiﬁcation
system.References
[1] Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, de Lemos JA,
Giugliano RP, McCabe CH, Braunwald E. TIMI risk score for ST-elevation
myocardial infarction: a convenient, bedside, clinical score for risk assessment
at presentation: an intravenous nPA for treatment of infarcting myocardium
early II trial substudy. Circulation 2000;102:2031–7.
[2] Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, Van De
Werf F, Avezum A, Goodman SG, Flather MD, Fox KA, Global Registry of Acute
Coronary Events Investigators. Predictors of hospital mortality in the global
registry of acute coronary events. Arch Intern Med 2003;163:2345–53.
[3] Eagle KA, Lim MJ, Dabbous OH, Pieper KS, Goldberg RJ, Van de Werf F,
Goodman SG, Granger CB, Steg PG, Gore JM, Budaj A, Avezum A, Flather
MD, Fox KA, GRACE Investigators. A validated prediction model for all forms
of acute coronary syndrome: estimating the risk of 6-month post-discharge
death in an international registry. J Am Med Assoc 2004;291:2727–33.
[4] Poc¸i D, Hartford M, Karlsson T, Herlitz J, Edvardsson N, Caidahl K. Role of the
CHADS2 score in acute coronary syndromes: risk of subsequent death or stroke
in patients with and without atrial ﬁbrillation. Chest 2012;141:1431–40.
[5] Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Reﬁning clinical risk
stratiﬁcation for predicting stroke and thromboembolism in atrial ﬁbrillation
using a novel risk factor-based approach: the Euro Heart Survey on atrial
ﬁbrillation. Chest 2010;137:263–72.
[6] Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, Joint ESC/
ACCF/AHA/WHF Task Force for the Universal Deﬁnition of Myocardial Infarc-
tion, Katus HA, Lindahl B, Morrow DA, Clemmensen PM, Johanson P, Hod H,
Underwood R, Bax JJ, et al. Third universal deﬁnition of myocardial infarction.
Circulation 2012;126:2020–35.
[7] Pizzetti F, Turazza FM, Franzosi MG, Barlera S, Ledda A, Maggioni AP, Santoro L,
Tognoni G, GISSI-3 Investigators. Incidence and prognostic signiﬁcance of
atrial ﬁbrillation in acute myocardial infarction: the GISSI-3 data. Heart
2001;86:527–32.
[8] Avezum A, Makdisse M, Spencer F, Gore JM, Fox KA, Montalescot G, Eagle KA,
White K, Mehta RH, Knobel E, Collet JP, GRACE Investigators. Impact of age on
management and outcome of acute coronary syndrome: observations from the
Global Registry of Acute Coronary Events (GRACE). Am Heart J 2005;149:67–
73.
[9] Gustafsson F, Køber L, Torp-Pedersen C, Hildebrandt P, Ottesen MM, Sonne B,
Carlsen J. Long-term prognosis after acute myocardial infarction in patients
with a history of arterial hypertension. TRACE study group. Eur Heart J
1998;19:588–94.
[10] Malmberg K, Yusuf S, Gerstein HC, Brown J, Zhao F, Hunt D, Piegas L, Calvin J,
Keltai M, Budaj A. Impact of diabetes on long-term prognosis in patients with
unstable angina and non-Q-wave myocardial infarction: results of the OASIS
(Organization to Assess Strategies for Ischemic Syndromes) Registry. Circula-
tion 2000;102:1014–9.
[11] Reynolds HR, Forman SA, Tamis-Holland JE, Steg PG, Mark DB, Pearte CA,
Carvalho AC, Sopko G, Liu L, Lamas GA, Kruk M, Loboz-Grudzien K, Ruzyllo W,
Hochman JS. Relationship of female sex to outcomes after myocardial infarc-
tion with persistent total occlusion of the infarct artery: analysis of the
Occluded Artery Trial (OAT). Am Heart J 2012;163:462–9.
[12] Omland T, Aakvaag A, Bonarjee VV, Caidahl K, Lie RT, Nilsen DW, Sundsfjord JA,
Dickstein K. Plasma brain natriuretic peptide as an indicator of left ventricular
systolic function and long-term survival after acute myocardial infarction.
Comparison with plasma atrial natriuretic peptide and N-terminal proatrial
natriuretic peptide. Circulation 1996;93:1963–9.
[13] Richards AM, Nicholls MG, Yandle TG, Frampton C, Espiner EA, Turner JG,
Buttimore RC, Lainchbury JG, Elliott JM, Ikram H, Crozier IG, Smyth DW.
Plasma N-terminal pro-brain natriuretic peptide and adrenomedullin: new
neurohormonal predictors of left ventricular function and prognosis after
myocardial infarction. Circulation 1998;97:1921–9.
[14] Omland T, Persson A, Ng L, O’Brien R, Karlsson T, Herlitz J, Hartford M, Caidahl
K. N-terminal pro-B-type natriuretic peptide and long-term mortality in acute
coronary syndromes. Circulation 2002;106:2913–8.
[15] Richards AM, Nicholls MG, Espiner EA, Lainchbury JG, Troughton RW, Elliott J,
Frampton C, Turner J, Crozier IG, Yandle TG. B-type natriuretic peptides and
ejection fraction for prognosis after myocardial infarction. Circulation
2003;107:2786–92.
[16] Tapanainen JM, Lindgren KS, Ma¨kikallio TH, Vuolteenaho O, Leppa¨luoto J,
Huikuri HV. Natriuretic peptides as predictors of non-sudden and sudden
cardiac death after acute myocardial infarction in the beta-blocking era. J Am
Coll Cardiol 2004;43:757–63.
[17] Mega JL, Morrow DA, De Lemos JA, Sabatine MS, Murphy SA, Rifai N, Gibson
CM, Antman EM, Braunwald E. B-type natriuretic peptide at presentation and
prognosis in patients with ST-segment elevation myocardial infarction: an
ENTIRE-TIMI-23 substudy. J Am Coll Cardiol 2004;44:335–9.
[18] Khan SQ, Quinn P, Davies JE, Ng LL. N-terminal pro-B-type natriuretic peptide
is better than TIMI risk score at predicting death after acute myocardial
infarction. Heart 2008;94:40–3.
[19] Ang DS, Wei L, Kao MP, Lang CC, Struthers AD. A comparison between B-
type natriuretic peptide, Global Registry of Acute Coronary Events (GRACE)
score and their combination in ACS risk stratiﬁcation. Heart 2009;95:1836–
42.
[20] Suleiman M, Aronson D, Reisner SA, Kapeliovich MR, Markiewicz W, Levy Y,
Hammerman H. Admission C-reactive protein levels and 30-day mortality in
patients with acute myocardial infarction. Am J Med 2003;115:695–701.
K.H. Kim et al. / Journal of Cardiology 65 (2015) 121–127 127[21] Suleiman M, Khatib R, Agmon Y, Mahamid R, Boulos M, Kapeliovich M, Levy Y,
Beyar R, Markiewicz W, Hammerman H, Aronson D. Early inﬂammation and
risk of long-term development of heart failure and mortality in survivors of
acute myocardial infarction predictive role of C-reactive protein. J Am Coll
Cardiol 2006;47:962–8.
[22] De Luca G, Suryapranata H, van’t Hof AW, de Boer MJ, Hoorntje JC, Dambrink
JH, Gosselink AT, Ottervanger JP, Zijlstra F. Prognostic assessment of patientswith acute myocardial infarction treated with primary angioplasty: implica-
tions for early discharge. Circulation 2004;109:2737–43.
[23] Halkin A, Singh M, Nikolsky E, Grines CL, Tcheng JE, Garcia E, Cox DA, Turco M,
Stuckey TD, Na Y, Lansky AJ, Gersh BJ, O’Neill WW, Mehran R, Stone GW.
Prediction of mortality after primary percutaneous coronary intervention for
acute myocardial infarction: the CADILLAC risk score. J Am Coll Cardiol
2005;45:1397–405.
